INTRODUCTION
The evolution in management of colon and rectal injuries has led from yesterday's condemnation of primary repair of colon injuries to today's management emphasis to avoid colostomy whenever possible. This willingness to challenge the tradition of mandatory diversion has been greatly influenced by improved care of shock and infection.
In the past, the surgeon's preference to divert colon injuries was based upon the incorrect premise that internalized colon repairs would leak leading to intra-abdominal infection and increased mortality rate. The concept that these complications are avoided by proximal diversion of the repair site or exteriorization of the injury has recently been challenged by several randomized prospective trials (1-4).
The purpose of this review is to describe current operative management techniques for colorectal injuries.
INTRAOPERATIVE MANAGEMENT CONTROL OF BLEEDING AND CONTAMINATION
Following wide preparation and draping from the chin to the knees, a standard midline incision is made for rapid abdominal evaluation. Active bleeding is controlled promptly. When bleeding is controlled and hemodynamic stability established, the gastrointestinal tract is examined for obvious perforation.
When found, such injuries should be rapidly controlled with non-crushing clamps or running sutures to prevent further contamination. When injuries to the colon or small bowel are so severe that resection is required, bowel clamps should be placed proximal and distal to the injury to prevent further fecal contamination. Spilled intestinal material should be removed at this time. Allowing stool to spread to quadrants of the abdomen beyond what it is found when initially explored can only lead to increased incidence of intra-abdominal infection.
IDENTIFICATION OF COLON AND RECTAL INJURIES
Any suspicion of colon injury requires mandatory exploration of that portion of the colon. If the portion of colon in question is retroperitoneal, this will involve complete exposure of the colon by division of its lateral peritoneal attachments. Colonic staining with hematoma and retroperitoneal air are signs of retroperitoneal colon injury. When assessing the splenic flexure, care must be taken to avoid injury to the spleen from traction on the splenocolic ligament. Examination of the colon should extend distally to the peritoneal reflection.
A high index of suspicion for rectal injury should be provoked in patients who have suffered penetrating injuries to the pelvis or lower abdomen. Blunt rectal injury should be suspected in patients who have suffered pelvic fractures or perineal injuries. As opposed to colon injuries, rectal injuries are most often diagnosed preoperatively. Since the rectum is an extraperitoneal structure, rectal injuries can be easily missed intraoperatively, which is why every effort should be made to make the diagnosis pre-operatively. Patients who have suffered penetrating injuries to the lower abdomen, pelvis and perineum require careful preoperative examination of the rectosigmoid area. A careful digital examination may identify the injury and the presence of gross blood on the examination finger is highly suggestive of rectal injury. It is important to note that absence of gross blood by no means rules out rectal injury. Proctosigmoidoscopy is an important adjunct to making the diagnosis of rectal injury. Visualization of the injury is not always possible, especially in the unprepped patient, however, the presence of gross blood on proctosigmoidoscopy should be interpreted as confirmation of the presence of rectal injury. To rule out associated injuries of the urogenital system, cystograms, retrograde urethrograms in males and vaginal examinations in females should be performed.
If the possibility of rectal injury has not been addressed preoperatively but is suspected intraoperatively, dissection of the rectum deep into the pelvis in search of an injury is generally not recommended and should be avoided. Extensive dissection of the rectum can cause further damage to the rectum, ureteral injury and difficult to control hemorrhage. In such a situation, intraoperative proctosigmoidoscopy with an open abdomen is an acceptable but cumbersome option. If intraoperative endoscopy is unavailable, assumption of rectal injury presence and proximal fecal diversion is the safest maneuver.
DAMAGE CONTROL MANEUVERS WITH COLON INJURY
In hemodynamically unstable patients with exsanguinating hemorrhage, coagulopathy, acidosis or hypothermia, the most prudent intraoperative management decisions often involve abbreviation of the surgical procedure for aggressive resuscitation and procurement of hemostatic control. If a "damage control" situation is confronted, the colon can be stapled proximal and distal to the injuries followed by replacement of the colon within the peritoneal cavity. If feasible the injured colonic segment should be removed or cleared of gross fecal matter. The abdominal cavity is packed to facilitate hemostatic control and the surgical wound is closed by approximation of the skin with towel clips or a running thick monofilament suture. At this time, colostomy placement should be avoided not only because it adds operative time to the initial procedure but also inhibits the tamponade effect due to loss of the watertight closure.
SURGICAL MANAGEMENT OF COLON INJURIES PRIMARY REPAIR
In recent years, primary repair of colon injuries has been performed with increased confidence. Recently three randomized prospective series of penetrating colon injuries have shown significantly fewer complications such as intraabdominal abscess and wound dehiscence associated with primary repair compared with colostomy (χ 2 , P < .02) (1-4). Several series have identified significantly higher complication rates associated with colostomy patients compared to patients with primary repair (5-8). Most clean stab wound and low-velocity gunshot wounds should have the edges debrided of devitalized tissue. This assures good blood supply to the repair. The repair or anastomosis should be tension-free. The colon is typically repaired in two layers with an inner row of running or interrupted slowly absorbable suture and an outer layer of interrupted and inverting (Lembert) sutures. A single row of interrupted sutures can provide an equally good repair with less luminal narrowing. Closure of wounds should be oriented in transverse fashion to avoid narrowing of the colon lumen.
A more expeditious maneuver to repair colon injuries not requiring resection is repair with a stapling device. This is done with a linear stapling device. Excess tissue is resected with a knife and the closure inspected for defects. The closure may be re-enforced with superficially placed Lembert sutures.
DIVERSION
Debate continues over the role of primary repair following colonic resection. Pasquale et al recently published guidelines from the Eastern Association for the Surgery of Trauma that supported diversion in patients that suffered destructive colon injuries in the face of hemodynamic instability, significant underlying disease and significant associated injuries (9). This requires clarification because a resection that is done because it is the most suitable option (multiple reparable injuries in a short colonic segment) should be primarily repaired. It is injuries in the hemodynamically unstable and significantly injured patient that require resection for repair should diversion be considered. Hence, it is a rare situation when diversion of the fecal stream is indicated. It should be clarified that the guidelines set forth by the Eastern Association for the role of fecal diversion in colon trauma are not based upon Class I data, but upon a paucity of data with regard to destructive colon injuries in the trauma literature.
The most common diversion technique used in trauma is a loop colostomy. The loop colostomy has its advantages in easy construction and easy closure without the necessity for formal laparotomy. When destructive colon injuries require diversion, an anastomotic repair can be made with proximal loop colostomy, or proximal and distal limbs relative to the resected colon segment can be brought out as separate stomas. I prefer to deliver both stomas through the same surgical stoma site. With both proximal and distal stomas placed next to each other, colostomy closure is accomplished in similar easy fashion as a loop colostomy. The concept that a loop colostomy or proximal and distal stomas placed directly next to each other does not completely divert the fecal stream is simply false. This was elegantly depicted by Rombeau et al in which barium impregnated oral feeds given to patients with loop colostomies showed no evidence of barium spillage into the distal limb of the diverted colon (10) .
A Hartmann procedure may be rarely indicated in the hemodynamically unstable patient that requires diversion following colon resection. The Hartmann procedure involves proximal diversion with an end colostomy and oversewing of the distal colonic segement. This procedure is performed in the unstable patient when the decision to divert the fecal stream has been made. The Hartmann procedure is also typically performed following distal colon resection when the distal colon limb is too short to allow placement of a mucus fistula through the anterior abdominal wall. This of course will require formal laparotomy to reconstruct the fecal stream. If the patient's condition allows, a more suitable alternative would be distal anastomosis with proximal loop colostomy. Surgical options in colorectal injuries ADJUVANT MEASURES Drains are seldom employed in the management of intraperitoneal colon injuries. Drains placed because of fecal contamination do not prevent infections and drains placed near colonic suture lines can only serve to increase anastomotic leak rate.
If extensive fecal contamination is encountered, copious saline lavage serves to remove the gross fecal matter and at least decrease the bacterial count. Bacterial contamination within the peritoneal cavity is handled fairly well by the peritoneal cavity contents and peritoneum, however, gross fecal matter is a powerful nidus for peritonitis and abscess formation. More often than not, a trauma surgeon is confronted with the situation in which fecal contamination is confined to one or two quadrants of the peritoneal cavity. Some surgeons may question whether peritoneal irrigation may further contaminate the peritoneal cavity or impair normal peritoneal protective mechanisms. It is our opinion as well as others, that the advantages gained by removal of gross feces and dilution of the bacterial count outweigh any possible disadvantages.
Many authors have championed the use of antibiotics placed within the peritoneal cavity to decrease infection rates. Various methods of peritoneal antibiotic irrigation have been employed. Antibiotics can be added to all the irrigation fluid, added to the final liter of irrigant or a small aliquot of antibiotic solution added to the peritoneal cavity following copious irrigation. Antibiotics such as kanamycin, tobramycin, neosporin and bacitracin have been used. Other surgeons, ourselves included, feel the efficacy of antibiotic irrigant is doubtful when considering the adequate blood levels achieved with appropriate empiric intravenous antibiotic therapy.
The abdominal wall fascia should be closed in all patients who have suffered colorectal trauma, unless contraindicated as in a damage control procedure or prevention of abdominal compartment syndrome. Retention sutures are unnecessary unless extensive damage to the anterior abdominal wall has occurred. If gross contamination of the peritoneal cavity has occurred, the fascia should be closed with skin and subcutaneous tissue left open. Delayed primary closure of these wounds is typically unsuccessful in our experience and should be left to close by secondary intention. Primary skin closure can be attempted when minimal fecal spillage has occurred. Thorough irrigation of the skin and subcutaneous tissue prior to closure is recommended. If the skin is closed, it is important to monitor the wound closely for development of wound infection.
SURGICAL MANAGEMENT OF RECTAL INJURIES
Since the recommendations of Lavenson and Cohen (11) , the management of rectal injuries has changed little. Diversion of the fecal stream and drainage of the presacral space are accepted by most trauma surgeons as tenets of rectal injury management. In consideration of these tenets, recent controversy has been generated over the necessity of presacral drainage in the management of rectal injuries. Before one accepts these tenets as dogma, one must consider on what substantial clinical data these tenets are founded. Thomas et al and Mangiante et al have published series that seriously question the utility of presacral drainage in the civilian population (12, 13) . Gonzalez et al have published a randomized prospective series that compared diversion alone to diversion with presacral drainage in the civilian population (14) . This series showed no increased morbidity or mortality with diversion alone. Although presacral drainage is still an accepted tenet and is practiced by the majority of trauma surgeons today, we do not place presacral drains in our penetrating rectal injury patients and have seen no adverse sequelae.
Repair of the rectal injury itself is not mandatory and should be done only if the injury is visualized without extensive dissection. Extensive dissection and aggressive attempts at repair are ill-advised. Repair is done when the injury is visualized and performed easily via transanal or open laparotomy approaches. Partial thickness injuries can be repaired without diversion, however, if the extent of rectal injury is difficult to assess, the more prudent decision is diversion of the fecal stream. A sigmoid loop colostomy is the preferred method to accomplish fecal diversion.
Cleansing of the distal defunctionalized rectum is not absolutely necessary. If the rectal vault is full of feces, digital dilatation of the anus with fecal extraction can be done. Residual stool in the proximal rectal stump can also be removed. As a rule, gross stool in the rectal vault should be removed, however, minimal content within the distal defunctionalized rectum does not warrant further cleansing or irrigation.
When presacral drainage is performed, it is accomplished via a 3-4 cm incision in the median raphe between the anus and coccyx. Transection of the anococcygeal ligament often requires sharp dissection or electrocautery. Further blunt finger dissection is carried out with care in the presacral space, directly anterior to the sacrum. Two closed Jackson-Pratt type drains are sewn in place and the skin defect closed. The drains are removed at days 4 to 5 or when no significant drainage is apparent.
BLEEDING FROM THE PRESACRAL SPACE
When operating upon penetrating injuries in the perirectal and presacral space, associated bleeding often accompanies these injuries with significant bleeding from the bullet tract. This bleeding often emanates from the presacral venous plexus or extensive pelvic arterial arcade. Methods described to treat this bleeding have been packing, angiographic embolization and thumbtack occlusion. Packing is undesirable because it is often unsuccessful and requires a second laparotomy. Thumbtacks often dislodge and angiographic embolization is often unsuccessful due to the extensive arcade with tributaries from superior, inferior and bilateral origin. Previously described, a A pursestring is then placed at the entry site of the foley in the peritoneum. This is done to prevent dislodgement of the foley balloon. The end of the foley is then brought out the anterior abdominal wall opposite the side where a colostomy will be placed (Fig. 3) . It is often easier to place the foley through the anterior abdominal wall prior to bullet tract placement. The foley is sutured to the skin and the end tied off to prevent back-bleeding. The foley remains in place for 5 days during which time hematocrit levels are monitored. At five days and assuming a stable hematocrit, the foley balloon is deflated, without removal. The hematocrit level is monitored for one more day with foley removal if hematocrit remains stable for 24 hours. If the hematocrit drops, the foley balloon may be reinflated.
TIMING OF COLOSTOMY CLOSURE
Colostomies performed after colon and rectal trauma can be closed as early as two weeks following injury if a contrast enema is performed to assure distal colon and rectal healing. Most colostomies are closed at 6-8 weeks or longer. If colostomies are closed at this time for colon trauma, a barium enema is probably not necessary. When rectal injuries are diverted and left to close by secondary intention, it is reasonable to assess rectal healing with a barium enema prior to colostomy closure. Barium enemas should not be done to rule out colon cancer or polyps prior to colostomy closure in patients who otherwise are not at risk for malignancy.
SUMMARY
Colonic or rectal injuries occur in up to 10 % of patients that suffer penetrating or severe blunt abdominal trauma. The majority of colon injuries are diag- viable option is foley catheter tamponade of the bullet tract (Figs. 1 and 2) (15) . Without surgical violation of the retroperitoneal space, the deflated foley catheter is placed into the bullet tract to the point of bleeding. The foley catheter is then inflated with saline until the bleeding stops (usually 30-40 cc).
nosed intraoperatively following a penetrating abdominal injury. Rectal injuries are usually diagnosed preoperatively with a high index of suspicion based upon the wounding missile trajectory. The vast majority of colon injuries can be primarily repaired with a significant trend toward avoiding colostomy whenever possible. Colostomy is increasingly reserved for rectal injuries and destructive colon injuries with extenuating circumstances such as hemodynamic instability and significant associated injuries.
